S5. Conductivity calculations
To obtain the conductivity of single graphene sheets and graphene stacks, we employ the Boltzmann equation. The resulting expression for the DC conductivity is equivalent to the Kubo formula with intraband transitions only. In Hartree atomic units, the result for a single graphene sheet is
where and denote the Cartesian direction, ( ) is the energy-dependent scattering rate, ⃗ =̂ (with denoting the Fermi velocity of graphene) and = ± | |. Moreover,
is the Fermi-Dirac distribution, where denotes the chemical potential, the temperature and the Boltzmann constant. Also, the index labels the two Dirac bands of graphene and we have taken valley-and spin-degeneracy into account via the factor of 4.
The angular integral can be carried out analytically resulting in
In the above expression, we changed the variable of integration from to and then combined the contribution from both Dirac bands into a single integral over .
To evaluate the above equation, the chemical potential and the scattering rate must be determined. Using the value of experimentally applied gate voltages, we first deduce the areal density of charge carriers as explained in the main section of manuscript. The charge carrier density is a sum of an electron contribution from the upper Dirac band and a hole contribution from the lower Dirac band. For a given value of the chemical potential, these contributions can be calculated via
We numerically invert these equations to deduce the chemical potential from and ℎ . Finally, -as explained in the main section of the manuscript -we assume that the scattering rate is different for electrons in the two Dirac bands, but constant otherwise. Capacitance measurements on AlN films yielded capacitance of 1.52 × 10 −11 F, resulting in permittivity value of 1.7, much lower than the observed value for the bulk material. [2] This is believed to be a direct result of using a relatively low growth temperature.
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